Introduction s coliosis, the most common spinal deformity affecting adults, is defined as a complex deformity of the spine that develops in 3-dimensions and leads to frontal curves, vertebral rotations, and a flattening of the sagittal physiological curves. 1 When scoliosis develops after growth is completed (after 18 years of age), it is called adult scoliosis (AS). AS is defined as a spinal deformity in a skeletally mature patient with a cobb angle of more than 10 degrees in the coronal plane. 2 as is getting more attention mainly due to the demographic shift toward an older population, the patients' awareness of natural history, and their willingness to overcome chronic pain and limitations in activities. 3 the prevalence of as ranges from 1.4 to 20% in the adult population and as affects as many as 68% of the individuals over 60 years of age. 3, 4 patients with as present with various symptoms, including pain, curve progression, symptomatic radiculopathy, or cosmetic deformity affecting the quality of life and physical function. [5] [6] [7] however, pain is the most common was carried out from inception to March 9, 2017 in each database. the search strategy was developed using the picos framework by the authors, who are expert clinicians and researchers in the field of scoliosis. A librarian (LD) identified corresponding indexed terms and carried out the search within each of the databases. the search strategy included a combination of subject headings and keywords combining the concepts of scoliosis to define the population and stabilization exercise as the treatment of interest. terms related to outcomes and comparison interventions were not specified in the search to ensure we captured all relevant research using the outcomes of interest and all compared interventions. the search was limited to the English language and we excluded conference abstracts and letters. the full search strategy used for each database is available in supplementary digital Material 1 (supplementary text file 1).
Study selection criteria

Types of studies
We included randomized controlled trials (rcts), prospective controlled clinical trials, and retrospective controlled studies because it was anticipated that very few RCTs would be identified. Studies with less than 10 participants per group were not included.
Types of participants
participants had to be diagnosed with as, have a cobb angle of 10° or more, and be 18 years of age or more. because the majority of the studies do not provide details of de novo/degenerative scoliosis (occurs through degenerative change without preexisting spinal deformity) 6 or idiopathic scoliosis (a continuation of adolescent idiopathic scoliosis) 15 presentation, both types of scoliosis were included. in addition, we only included studies with participants that did not have exercise treatment in the three years before the study and that examined the effect of the stabilization exercise therapy meeting the definition of core exercises presented in the introduction. in studies with a mixed age group, at least 75% of the sample had to be over 18 years of age and have a diagnosis of as. studies with participants presenting any torso or lower extremity surgery or any injection in the last six months were excluded. similarly, participants with any comorbidity that could affect the spine, red flags signs or with a history of spine trauma were excluded. 16 symptom and occurs in approximately 90% of patients with as. 6 low back pain is prominent in patients with as, resulting from muscle fatigue and muscle spasm over the convexity of the curvature. 8 therapeutic options to manage as are either operative or non-operative. although operative options have been suggested to be the superior intervention, physicians use caution when considering surgery because of the associated risk of complications in the adult population. 5, 9 further, to our knowledge, to date there are no head to head comparisons of operative and non-operative treatments in this population and only a few high-quality studies of nonoperative interventions. therefore, understanding the effects of non-surgical treatments options such as physical therapy, chiropractic or manipulation, and injection or epidural for as is required. 5 Exercise regimens that focus on core strengthening or core stability are among recommended interventions in as management. 10 Core exercise is defined as "the restoration or augmentation of the ability of the neuromuscular system to control and protect the spine from injury or reinjury" and "used to describe a spectrum of exercise approaches that have the common goal to improve lumbopelvic control with varied rationales." 11 a systematic review has focused on treatment options for as 5 but did not specifically address the effect of stabilization exercise on back pain in as. core stabilization exercise have been shown effective for improving pain and function in patients with chronic low back pain, 8, [12] [13] [14] however, the literature comprises unclear evidence to support the effects of these exercises in the population of adults with scoliosis. therefore, this study aims to systematically review the published evidence to determine if core stabilization exercise is a viable alternative treatment for adults with scoliosis.
the primary aim of this systematic review is to evaluate the effect of the stabilization exercise on back pain in adults with scoliosis. the secondary aim is to evaluate the effect of stabilization exercise on the quality of life and disability levels in adults with scoliosis.
Evidence acquisition
the protocol for this systematic review is available in the prospEro database (crd42017060805).
We conducted a systematic search of the following databases: Medline (oVid), ciNahl (Ebsco), Embase (oVid), sportdiscus (Ebsco) and the cochrane central register of controlled trials (cENtral). the search
Data extraction
two researchers (Ma and Ep) independently extracted results from the included studies using the modifiable extraction form in covidence. Extracted data included study design, patient characteristics (number of participants, age, sex, cobb angle, bMi, weight, height), description of the experimental and comparison interventions, cointerventions, adverse effects, duration of follow-up, outcomes assessed and results.
Risk of bias assessment
two review authors (Ma and Ep) assessed the risk of bias for the included study by utilizing the cochrane risk of bias assessment tool which was available through covidence. We added the following criteria to the cochrane risk of bias assessment tool based on recommendations from the cochrane back group: timing of outcome assessment similar, similarity of baseline prognostic indicators, cointervention avoided or similar, and compliance acceptable. 26 Conflicts were solved by the senior reviewer (EP). the risk of bias assessment included 13 relevant criteria (table i). Each criterion was scored as presenting high, low, or unclear risk of bias. a study was judged to be of high quality if all the criteria were reported to have low risk of bias. 27
Data synthesis summary statements were formulated combining quality appraisal information with details about the consistency of the results as per the following rules. strong evidence corresponds to consistent results (75% or more) from at least 2 high quality studies. Moderate evidence corresponds to consistent results (75% or more) in 1 or more low qual-
Types of interventions
Experimental intervention
the experimental intervention of interest in this review included all types of exercises meeting the definition of core exercises stated in the introduction. 11 Exercise that was combined with other types of intervention were also included.
Comparison interventions
comparison interventions were not restricted and could include: placebo, no treatment, drug management, spinal injection, spine surgery, or any other type of nonsurgical treatments (e.g. braces, electrical stimulation, chiropractic, manual therapy, manipulation and mobilization).
Types of outcome measures
this review mainly assesses the effect of the stabilization exercise on back pain. back pain, the primary outcome, could be measured using numerical rating scale (Nrs) 17 or other validated measurement tools, such as pain drawing, or pain pressure threshold.
Quality of life and disability, the secondary outcomes, were included as measured by specific validated questionnaires, such as oswestry, 18 roland-Morris, 19 scoliosis research society outcomes Questionnaire (srs-22), 20 36-item short form health survey (sf-36), 21 brace Questionnaire (brQ), 22 and scoliosis or the Quality of life index (sQli) 23, 24 
Data collection and analysis
Selection of studies
search results were uploaded into refworks reference management software (refworks version 2.0, proQuest, ann arbor, Mi, usa) and duplicates were removed. screening was completed in two stages using covidence. 25 titles and abstracts were screened for eligibility by two reviewers assessing all references. the reviewers were two physical therapists with 5 to 21 years of clinical and research experience. full texts of potentially relevant studies were obtained, uploaded into covidence, and assessed independently for inclusion by two reviewers. reasons for exclusion were tracked at the full-text stage. a third reviewer would have been contacted to resolve disagreement if consensus discussion between reviewers did not resolve disagreements (but was not ultimately needed). 
Included study
Monticone et al. completed a randomized controlled trial with a sample of 130 adults with scoliosis. 9 patients who underwent a 20-week rehabilitation program consisting of active self-correction, task-oriented exercises and cognitive-behavioral therapy were compared to a control group treated with "general physiotherapy [that] included exercises for spinal mobilization (passive mobilization to improve thoracic and lumbar range of motion), muscle segmentary stretching of upper/lower limb and back muscles, strengthening of abdominal and back muscles, and postural control (involving exercises aimed at developing motor control of the spine and pelvis)". 9 patients in each group had one 60-min session of physical training per week for 20 weeks. in addition, the experimental group met with the psychologist twice a month for a 60-minute session. the participants' characteristics were similar between groups (table ii) . these participants presented a moderate baseline level of disability and pain.
Level of evidence
the extracted results for the outcomes of interest from the included study are presented in table iii. the literature provided limited evidence from one study with high risk of bias that stabilization exercises in the form of 20 weeks of active self-correction, task-oriented exercises and cognitive-behavioral therapy significantly improved pain measured using the numeric pain rating scale more than general physiotherapy (difference of 3.2/10 between group after the program). there was also a limited level of evidence demonstrating significant improvements following 20 weeks of active self-correction, task-oriented exercises in quality of life measured using each domain of the srs -22 questionnaire (differences between groups after the program: 0.7/5 ity studies and 1 high quality study. limited evidence corresponds to findings from 1 high quality study or consistent results (75% or more) among low quality studies. No evidence is used when no study is identified. A conflicting level of evidence corresponds to inconsistent results (>25%) irrespective of study quality. 28 a meta-analysis was not planned for this review as the level of heterogeneity in population, settings and intervention used was anticipated to be high.
Evidence synthesis
using our search strategy, we found 908 articles, resulting in 630 articles after excluding duplicates. after screening the titles and abstracts, only 105 articles were included for full-text screening. a total of 98 full-text articles could be retrieved and after screening, only one article fit the selection criteria and was included. the main reasons for exclusion were study design and patient population (prisMa flow chart Figure 1 ). the risk of bias assessment of the included study is reported in table i. the included study presented overall a high risk of bias because of the lack of blinding. authors also did not report if the timing of assessments was similar between groups. for all other criteria, the study presented a low risk of bias. appropriate conservative options is often a prerequisite to surgical intervention in many centers, such comparisons may be quite difficult to perform. 5 While some retrospective studies reported positive outcomes of surgical care relative to non-operative care, the non-operative care was often not clearly defined. 38 Glassman et al. documented non-surgical resource utilization in groups of adults with spinal deformity with high and low symptoms and found that only 38% and 33% of the participants used exercise in each group, respectively. Non-operative care also included a wide range of 16 other treatments than stabilization exercises and dosage was not documented. 39 scheer et al. and bridwell et al. also compared outcomes in patients with adults spinal deformity receiving surgery or non-operative care carefully conducting propensity matching and found results favoring surgery. 38, 40 however, in both studies, the recruitment of the non-operative cohort occurred at the surgery clinic among patients being seen for a possible surgical intervention. the non-operative care was also not homogenous among participants and prescribed individually. Most importantly though, scheer et al. did not define non-operative care at all and did not report the number of patients receiving different types of treatments. bridwell et al. reported that the nonoperative treatment included observation (21%), medications (26%), medications plus (physical therapy and/or injections) (40%), and other treatment without medications (13%). it is obvious that the majority of patients did not receive exercise treatment. in both studies the dosage of each non-operative treatment was also not monitored. these examples and the gap found in the present review illustrate the need to investigate the effectiveness and cost for function, 0.9 for pain, 0.5 for self-image, 0.7 for mental health, and 1.0 for satisfaction with care) and in disability levels measured using the oswestry questionnaire (12% difference between groups after the program).
Discussion
back pain is the main driving symptom that leads patients to seek medical consultation in as. 6 because of the high risk of complications associated with surgery and population aging, non-operative interventions are more utilized in treating adults with scoliosis. 5, 9 only 1 study 9 was ultimately included in this review documenting the effect of a form of stabilization exercises on the outcomes of interest in as. however, there are studies in adolescents with idiopathic scoliosis [29] [30] [31] [32] [33] [34] [35] that, consistent with the findings of the included study, also show beneficial effects of exercises which were not included in this review because the population is different from our interest. some case studies also support the effect of stabilization exercises in adults with scoliosis, but this study design was not included in our review or these reports did not measure the outcomes of interest and instead reported positive effects on outcomes such as cobb angle 36 and chest expansion. 37 furthermore, we found a review of studies that investigated the effect of physical exercise but did not specify what type of exercise was reviewed. 5 operative options have been suggested to be superior to non-operative care. 5 Yet, we could not find any prospective head-to-head studies comparing the different types of non-operative interventions (especially exercise) to surgery to support this superiority claim. since failure of This document is protected by international copyright laws. No additional reproduction is authorized. It is permitted for personal use to download and save only one file and print only one copy of this Article. It is not permitted to make additional copies (either sporadically or systematically, either printed or electronic) of the Article for any purpose. It is not permitted to distribute the electronic copy of the article through online internet and/or intranet file sharing systems, electronic mailing or any other means which may allow access to the Article. The use of all or any part of the Article for any Commercial Use is not permitted. The creation of derivative works from the Article is not permitted. Conclusions stabilization exercise, as reported in the included study, is shown to be effective in reducing back pain, disability and improving quality of life in adults with idiopathic scoliosis. however, this review highlights the paucity of literature examining the effect of exercise on back pain in adults with scoliosis and strongly suggests that further experimental research is needed aiming to ensure proper blinding as this was a common weakness.
efficiency of different types of clearly defined non-operative interventions including core stabilization exercise to help patients, physicians and physical therapist choose appropriately. Despite finding one RCT, we only have a limited level of evidence that stabilization exercise has positive effect on pain, disability and all domains of the srs-22 quality of life questionnaire. this conclusion is based on one study that has a low quality because it has a high risk of bias because of lack of blinding of the participants and assessors. however, blinding is known to be hard to apply in physical therapy studies. otherwise this rct presented low risk of bias in supporting positive effects of exercises on the outcomes of interest.
Monticone et al.'s result demonstrated good outcomes in specialized centers and by physiotherapists offering a stabilization exercise program tailored specifically to scoliosis which is different from what the majority physiotherapists are trained to offer for patients with low back pain. therefore, the generalizability of this approach may be limited to specialized centers and physiotherapists specifically trained in delivering scoliosis-specific exercises.
in the future, studies are needed that clearly create a sample that does not mix participants diagnosed with ais and with degenerative scoliosis. this would help drawing more accurate conclusions in the event where these two groups would present a different prognosis. also, the consensus between sosort and srs non-operative management committee 41 highly recommends that "prognostic factors for consequences of the deformity in adulthood on primary patient-centered outcomes (such as aesthetics, deformity progression, disability, pain and quality of life) be continuously researched and better defined by high quality studies". 41 they also recommend subgroup reporting based on curve severity for radiographic research outcomes. in regard to when the outcomes should be reported, it would be important if future studies have roughly similar duration so that they can be comparable.
Limitations of the study
some methodological limitations may affect the interpretation of the results from this review. relevant articles may have been missed because only articles written in English in databases capturing mostly literature in English were included. the small number of studies ultimately found is a limitation as it prevented reaching higher levels of evidence, examining reviewer agreement on selection and quality appraisal, as well as, prevented attempting a metaanalysis.
